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PROBLEM TO BE SOLVED: To provide a method and device that can simply 
evaluate the crystallinity of a polycrystalline silicon thin film that 
is formed on a substrate. 

SOLUTION: This method has a process that applies light to a 
polycrystalline silicon thin film that is formed on the substrate, and a 
process that disperses the reflected light of the applied light, and 
judges the crystallinity of the polycrystalline silicon thin film 
according to the intensity distribution of light obtained by a spectrum. 
This device is equipped with a light source 25, an optical system 22 for 
applying the light from the light source 25 to a polycrystalline silicon 
thin film 23 that is formed on a substrate 24, a spectrophotometer 26 
for analyzing the reflected light of the applied one, and an optical 
system 22 for leading the reflected light to the spectrophotometer 26. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The crystalline assessment approach of the silicon thin film 
which is the approach of evaluating the crystallinity of the 
polycrystalline silicon thin film formed on the substrate, equips said 
polycrystalline silicon thin film formed on said substrate with the 
process which irradiates light, and the process which carries out the 
spectrum of said irradiated reflected light of light, and is 
characterized by judging the crystallinity of said polycrystalline 
silicon thin film from the luminous-intensity distribution acquired with 
said spectrum. 

[Claim 2] Said light to irradiate is an approach according to claim 1 
characterized by carrying out the spectrum of the light which is 
vertical to said substrate and was reflected in the direction vertical 
to said substrate. 

[Claim 3] The approach according to claim 1 or 2 characterized by said 
light to irradiate being the light. 

[Claim 4] An approach given in any 1 term of claims 1-3 characterized by 
crystallizing when said polycrystalline silicon thin film irradiates a 
laser beam at the amorphous silicon thin film formed on said substrate. 
[Claim 5] Crystalline assessment equipment of the silicon thin film 
which is equipment for carrying out the approach of a publication to any 
1 term of claims 1-4, and is characterized by having the light source, 
the optical system for irradiating the light from said light source at 
the polycrystalline silicon thin film formed on the substrate, a 
spectrophotometer for analyzing said irradiated reflected light of light, 
and the optical system for leading said reflected light to said 
spectrophotometer. 

[Claim 6] The laser annealing method characterized by to have the 
process which evaluates the crystallinity of said thin film by the 
approach of a publication in any 1 term of claims 1-4, and the process 
which adjust the conditions in the process which irradiates said laser 
beam and crystallizes said thin film based on the result of said 
assessment after the process which crystallizes said thin film by 
irradiating a laser beam at the amorphous silicon thin film formed on 
the substrate, and the process of said crystallization. 
[Claim 7] The laser annealer characterized by equipping the amorphous 
silicon thin film which is equipment for performing the laser annealing 
method according to claim 6, and was formed in the substrate with the 



means for performing laser annealing, and the crystalline assessment 
equipment of a silicon thin film according to claim 5. 



[Translation done. ] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semi-conductor 
thin film crystallinity monitoring system which the monitor of the 
crystallinity of a polycrystalline silicon thin film is carried out, and 
can control it especially about the laser annealing method and laser 
annealer which used the method of evaluating the crystallinity of a 
semi-conductor thin film, equipment, and the approach concerned. 
[0002] 

[Description of the Prior Art] In order to realize the high definition 
of a liquid crystal display component, and high definition, it is 
required to raise the electric field effect mobility of the electron of 
the thin film transistor (TFT) in each pixel. Therefore, it replaces 
with the conventional amorphous silicon thin film, and the 
polycrystalline silicon TFT technique in which the polycrystalline 
silicon thin film was applied to TFT is growing quickly. In order to 
maintain the high yield of this polycrystalline silicon TFT, it is very 
important to control quality the quality of the polycrystalline silicon 
thin film which has the most important function to a TFT property. 
[0003] In case polycrystalline silicon TFT is formed on a glass 
substrate, there is the approach of reforming the amorphous silicon thin 
film beforehand formed on the glass substrate to a polycrystalline 
silicon thin film. There are the approach of heating and crystallizing 
at an elevated temperature (800-1000 degrees C) and the approach of 



irradiating a laser beam with a high absorption coefficient (for example, 
XeCl laser with a wavelength of 308nm), and crystallizing to an 
amorphous silicon thin film, as this approach. 

[0004] The approach of the former heating and crystallizing heats the 
whole substrate to an elevated temperature. Therefore, it is necessary 
to use heat-resistant substrates, such as quartz glass, and there is a 
problem of becoming expensive with large-area-izing. Then, the laser 
annealing approach crystallized by irradiating the latter laser beam in 
recent years is the most common. Since the crystallinity of the 
polycrystalline silicon thin film obtained by this laser annealing 
method depends to laser energy sensitively, optimization of laser energy 
is the most important item in the case of crystallization. 
[0005] In order to set up the optimal laser energy conventionally, laser 
power is optimized by irradiating the laser beam of different power, 
producing the monitor substrate which has the polycrystalline silicon 
thin film with which crystallization conditions differ, and carrying out 
crystalline assessment using Raman spectroscopy. Raman spectroscopy is 
an approach generally used, in order to evaluate the crystallinity of a 
polycrystalline silicon thin film to accuracy. Correlation is between 
the crystallinity of a polycrystalline silicon thin film, and the peak 
intensity of the silicon of a Raman spectrum, and peak intensity becomes 
large like the film with sufficient crystallinity. 

[0006] Drawing 1 is a graph which shows a Raman spectrum, an axis of 
abscissa shows laser energy (mj/cm2), and the axis of ordinate shows 
peak intensity (A. U. ). 

[0007] As shown in drawing 1 , it is the technique in which exact 
assessment of the membraneous quality of a polycrystalline silicon thin 
film is possible, and, as for Raman spectroscopy, it turns out that the 
optimal laser energy can be set up using this technique. 
[0008] Moreover, as other methods of evaluating the crystallinity of a 
polycrystalline silicon thin film, as shown in JP, 11-204606, A, the light 
for assessment is irradiated and the approach the transparency 
reinforcement of the exposure light performs the crystalline assessment 
is in a polycrystalline silicon thin film. This approach is an approach 
transmitted light reinforcement performs crystalline assessment, and 
uses that the wavelength dependency of transmitted light reinforcement 
changes with crystallinity. 

[0009] Furthermore, as shown in JP, 6-224276, A, there is a method of 
performing crystalline assessment by the scattered light of the laser 
used for crystallization. This approach uses that a band gap spectral 
reflectance changes with crystallinity. 



[0010] 

[Problem (s) to be Solved by the Invention] Correctly, although Raman 
spectroscopy is a crystalline assesment method of a reliable 
polycrystalline silicon thin film, it has the following troubles. 
[0011] That is, first, equipment is large-scale and expensive. Next, 
since argon laser is used for the light source, a running cost starts. 
Furthermore, since complicated optical system is needed, adjustment 
takes time and effort and time amount. Moreover, in the Raman light, 
since it is necessary to extract a laser beam to about 1 micrometer 
since it is feeble, and a measurement field becomes comparable as the 
diameter of crystal grain of polycrystalline silicon, the time amount 
which needs to prepare two or more point of measurement for evaluating 
the average crystallinity of a polycrystalline silicon thin film, and a 
monitor takes becomes long. 

[0012] Moreover, there are the following troubles also about the 
approach transmitted light reinforcement estimates crystallinity. That 
is, since the light source which irradiates light, and the detector 
which receives light are in an opposite hand through a substrate, 
respectively, light will be intercepted by the stage holding a substrate. 
In order for light to be made not to be intercepted and to perform 
measurement, the device of making only the circumference of a substrate 
into the configuration supported by the stage is required, and the 
manner of support of such a substrate of immobilization of a substrate 
is inadequate. Furthermore, problems, like bending of a substrate etc. 
arises will arise and the constraint on the activity of equipment will 
become large. Moreover, in the case of the ingredient with which a 
substrate does not penetrate light, it cannot be measured in a principle. 
[0013] On the other hand, there are the following problems also about 
the approach a band gap spectral reflectance estimates crystallinity. 
That is, off-line measurement since the scattered light of the laser 
used for crystallization is used for this approach, in order that it may 
crystallize, in case the laser which only the real-time measurement in 
the case of irradiating the substrate is possible, and is used for 
crystallization is not irradiated by the substrate in laser cannot be 
performed. Moreover, since the light to measure is the scattered light, 
reinforcement is not stabilized under the effect of the surface state of 
a substrate etc. , but there is a fault, such as becoming the cause of 
dispersion in measurement. 

[0014] The object of this invention solves an above-mentioned trouble, 
sets up the optimal laser energy by the simple approach which is not in 
the former for crystallization of a polycrystalline silicon thin film, 



is further incorporated in a production line or equipment, performs 
crystalline assessment and control of a polycrystalline silicon thin 
film with in-line one, prevents a defect beforehand, and is to offer the 
semi-conductor thin film crystallinity monitoring system which can raise 
the yield. 
[0015] 

[Means for Solving the Problem] First, the approach this invention 
estimates the crystallinity of the polycrystalline silicon thin film 
formed on the substrate is offered, this approach equips the 
polycrystalline silicon thin film formed on the substrate with the 
process which irradiates light, and the process which carries out the 
spectrum of the reflected light of the light which irradiated, and it is 
characterized by judging the crystallinity of a polycrystalline silicon 
thin film from the luminous-intensity distribution acquired with a 
spectrum. 

[0016] In the desirable mode of the approach by this invention, the 
light to irradiate is vertical to a substrate and carries out the 
spectrum of the light reflected in the direction vertical to a substrate. 
Here, it means that exposure light or the reflected light is vertical to 
the principal plane of the substrate with which a thin film is formed 
with "exposure light or the reflected light is vertical to a substrate. " 
[0017] In the approach by this invention, the light can be used as a 
light to irradiate. 

[0018] In the approach by this invention, a polycrystalline silicon thin 
film is typically crystallized by irradiating a laser beam at the 
amorphous silicon thin film formed on the substrate. 
[0019] Moreover, by this invention, the equipment for performing the 
above-mentioned approach is offered, and this equipment is equipped with 
the spectrophotometer for analyzing the reflected light of the light 
which irradiated the light from the light source and the light source 
with the optical system for irradiating the polycrystalline silicon thin 
film formed on the substrate, and the optical system for leading the 
reflected light to a spectrophotometer. 

[0020] It is desirable to use sources of the light, such as a halogen 
lamp, for the light source in the equipment concerned. Moreover, in the 
equipment concerned, an optical fiber can be used for the optical system 
for irradiating light, typical — a spectrophotometer — a spectroscope 
and a spectrum — the means for outputting a spectrum is included. An 
optical fiber can be used also for the optical system for leading the 
reflected light to a spectrophotometer. 

[0021] Furthermore, the laser annealing method is offered by this 



invention, and this approach is equipped with the process which 
crystallizes this thin film, the process which evaluates the 
crystallinity of a thin film by the above-mentioned assessment approach 
after the process of crystallization, and the process which adjust the 
conditions in the process which irradiates a laser beam and crystallizes 
a thin film based on the result of assessment by irradiating a laser 
beam at the amorphous silicon thin film formed on the substrate. 
Especially the result of this assessment is fed back to energy setting 
out of the laser beam used for crystallization. By this feedback, laser 
energy can be changed and the conditions of crystallization can be 
improved. 

[0022] Equipment for this invention to perform the describing [ above ] 
laser annealing method furthermore is offered, and this equipment is 
equipped with the means for performing laser annealing to the amorphous 
silicon thin film formed in the substrate, and the equipment which 
performs the approach of mentioning above and evaluating crystallinity. 
As for this especially equipment, it is desirable to have the feedback 
function to change setting out of the laser energy used for 
crystallization, based on the information by assessment equipment. 
[0023] 

[Embodiment of the Invention] Drawing 2 is drawing for explaining the 
principle of an example of the semi-conductor thin film crystallinity 
monitoring system by this invention. 

[0024] This system is equipped with the light source 25 which 
floodlights light, and the spectroscope 26 which receives the reflected 
light with reference to drawing 2 , and transfer of light is performed 
by the object for floodlighting, and the optical fiber 22 for light- 
receiving. The object for floodlighting and the optical fiber for light- 
receiving are bundled by one at the head, respectively, and are 
connected to the light emitter and receiver 21. 

[0025] Drawing 3 is the enlarged drawing showing a part of light emitter 
and receiver 21 shown in drawing 2 . The principle of the monitoring by 
this system is explained with reference to drawing 2 and drawing 3 . 
First, the light floodlighted from the light source 25 is floodlighted 
through the optical fiber 22 for floodlighting at right angles to the 
polycrystalline silicon thin film 23 on a substrate 24. The floodlighted 
light is reflected on the front face of the polycrystalline silicon thin 
film 23, and a spectrum is obtained by carrying out a spectrum with a 
spectroscope 26 through the optical fiber 22 for light-receiving. 
[0026] Drawing 4 shows the spectrum of the reflectivity measured using 
the system shown in drawing 2 and drawing 3 about the polycrystalline 



silicon thin film at the time of crystallizing by changing laser energy 
from 310 mj/cm2 to 410 mj/cm2. A spectrum 41 shows reflectivity 
distribution of the polycrystalline silicon thin film at the time of 
crystallizing by setting laser energy as 370 mj/cm2 among these 
spectrums. In this spectrum, the subpeak which has the maximal value 
near the wavelength of 480nm, and has the minimal value near the 
wavelength of 520nm appears. A spectrum 42, a spectrum 43, a spectrum 44, 
and a spectrum 45 show reflectivity distribution of the polycrystalline 
silicon thin film at the time of crystallizing by setting laser energy 
as 310 mj/cm2, 340 mj/cm2, 390 mj/cm2 and 410 mj/cm2, respectively. By 
these spectrums, a subpeak which is looked at by the spectrum 41 is not 
seen. It turns out that it is the description observed only about the 
polycrystalline silicon thin film at the time of crystallizing by a 
subpeak setting laser energy as 370 mj/cm2. 

[0027] When Raman spectroscopy estimates the polycrystalline silicon 
thin film at the time of on the other hand crystallizing by setting 
laser energy as 370 mj/cm2, as shown in drawing 1 , peak intensity 
serves as max, and it turns out that it is the film which has the most 
excellent crystallinity. Therefore, only when it crystalizes with the 
optimal laser energy as mentioned above, the spectrum of reflectivity 
serves as a characteristic configuration with a subpeak, and can judge 
the optimal laser energy from change of a reflectivity spectrum. 
[0028] Thus, equipment is simple and the polycrystalline silicon thin 
film crystallinity monitoring system of this invention constituted has 
it. [ cheap ] Moreover, since the light can be used for measurement, a 
halogen lamp can be used for the light source and a running cost does 
not start. Furthermore, by changing the focal distance of an objective 
lens, a measurement field can be adjusted to severalmmphi - about 
tenmmphi, and since it is sufficiently larger than the diameter of 
crystal grain of polycrystalline silicon, it can measure average 
crystallinity by one-point measurement. Therefore, it is possible to 
need neither a laser oscillator nor complicated optical system, but to 
only install the fiber for light emitting/receiving in the upper part of 
a sample like the conventional Raman spectroscopy, and for it to be 
highly precise and to measure the crystallinity of a polycrystalline 
silicon thin film quickly. 

[0029] Drawing 5 is drawing showing the configuration of an example of 
the thin film laser annealer equipped with the polycrystalline silicon 
thin film crystallinity monitoring system by this invention. 
[0030] This equipment is equipped with the monitoring system shown in 
drawing 2 which has the optical fiber 20 for transmitting the light 



emitter and receiver 21 and light which floodlight light to a substrate 
24, the light source 25, and a spectroscope 26, and the laser annealer 
section 51 which has a gate valve 54 with reference to drawing 5 . 
[0031] With the gestalt of this operation, the crystallinity of the 
polycrystalline silicon thin film after crystallizing an amorphous 
silicon thin film in the laser annealer section is measured using the 
polycrystalline silicon thin film crystallinity monitoring system 
explained using drawing 2 and drawing 3 . 

[0032] With the equipment shown in drawing 5 , first, by the laser 
annealer section 51, a laser beam is irradiated moving a glass substrate 
24 to the amorphous silicon thin film formed on the glass substrate 24, 
and it changes into the polycrystalline silicon thin film 23. It 
measures using the optical fiber 22 for light emitting/receiving 
installed in the load lock upper part while finishing a crystallization 
process and conveying the load lock substrate 24 by the robot hand 53. 
The light floodlighted from the light source 25 is vertically 
floodlighted from a projector 21 to a substrate 24 with an optical fiber 
22, and is reflected on polycrystalline silicon thin film 23 front face. 
Light is received by the electric eye 21 and the reflected light is 
transmitted to a spectroscope 26 with an optical fiber 22. 
[0033] Since the light emitter and receiver 21 has the structure where 
the object for floodlighting and the optical fiber 22 for light- 
receiving are bundled by one at the head, respectively as shown in 
drawing 3 , it can install correctly and easily. By this spectroscope 26, 
the reflectivity spectrum shown in drawing 4 is obtained. From this 
spectrum, it is judged that the laser energy irradiated on the occasion 
of crystallization is an optimum value and too little [ excessive and ] 
either. Based on this judgment, by applying feedback so that proper 
laser energy may be irradiated by the laser annealer section 51, 
generating of a defect substrate can be made into the minimum and it can 
contribute to the improvement in the yield. 

[0034] Drawing 6 is drawing showing the configuration of other examples 
of the thin film laser annealer equipped with the polycrystalline 
silicon thin film crystallinity monitoring system by this invention. 
[0035] This equipment is equipped with the monitoring system shown in 
drawing 2 which has the optical fiber 22 for transmitting the light 
emitter and receiver 21 and light which carry out light 
emitting/receiving of the light to a substrate 20, the light source 25, 
and a spectroscope 26, and the laser annealer section with reference to 
drawing 6 . 

[0036] With the gestalt of this operation, the crystallinity of the 



polycrystalline silicon thin film immediately after crystallizing an 
amorphous silicon thin film in the laser annealer section is measured 
using the polycrystalline silicon thin film crystallinity monitoring 
system explained using drawing 2 and drawing 3 . 

[0037] With the equipment shown in drawing 6 , moving a glass substrate 
24 to the amorphous silicon thin film formed on the glass substrate 24 
first, the laser beam which occurred from the laser oscillator 61 and 
was orthopedically operated by the homogenizer 62 is irradiated, and it 
changes into the polycrystalline silicon thin film 23. About the 
polycrystalline silicon thin film 23 immediately after [ this ] 
crystalizing, it measures using the optical fiber 22 for light 
emitting/receiving. 

[0038] That is, the light floodlighted from the light source 25 is 
vertically floodlighted from a projector 21 to a substrate 24 with an 
optical fiber 22, and is reflected on polycrystalline silicon thin film 
23 front face. Light is received by the electric eye 21 and the 
reflected light is transmitted to a spectroscope 26 with an optical 
fiber 22. The light emitter and receiver 21 has the structure where the 
object for floodlighting and the optical fiber 22 for light-receiving 
are bundled by one at the head, respectively, as shown in drawing 3 . By 
this spectroscope 26, the reflectivity spectrum shown in drawing 4 is 
obtained. From this spectrum, it is judged that the laser energy 
irradiated on the occasion of crystallization is an optimum value and 
too little [ excessive and ] either. The polycrystalline silicon thin 
film crystallized by homogeneity by optimum conditions in the substrate 
side can be obtained by applying feedback based on this judgment, so 
that proper laser energy may be irradiated by the laser annealer section. 
[0039] 

[Effect of the Invention] as explained above, the semi-conductor thin 
film crystallinity monitoring system by this invention carries out 
spectral analysis of the reflected light of a polycrystalline silicon 
thin film front face — crystallization laser energy — an optimum value 
— or too little [ excessive or ] can be judged. Moreover, in-line one, 
and crystalline assessment and control are possible by including in a 
production line or equipment. Consequently, a defect can be prevented 
beforehand and the yield can be raised. 

[Translation done. ] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows a Raman spectrum. 

[Drawing 2] It is drawing for explaining the principle of an example of 

the semi-conductor thin film crystallinity monitoring system by this 

invention. 

[Drawing 3] It is the enlarged drawing showing a part of light emitter 
and receiver shown in drawing 2 . 

[Drawing 4] It is drawing showing a reflectance spectrum. 

[Drawing 5] It is drawing showing the configuration of an example of the 

thin film laser annealer equipped with the polycrystalline silicon thin 

film crystallinity monitoring system by this invention. 

[Drawing 6] It is drawing showing the configuration of other examples of 

the thin film laser annealer equipped with the polycrystalline silicon 

thin film crystallinity monitoring system by this invention. 

[Description of Notations] 

21 A light emitter and receiver, 22 An optical fiber, 23 A 
polycrystalline silicon thin film, 24 A glass substrate, 25 The light 
source, 26 A spectroscope, 41 42 The reflectance spectrum of proper 
laser energy, 43 44 The reflectance spectrum of too little laser energy, 
45 The reflectance spectrum of excessive laser energy, 51 The laser 
annealer section, 52 A glass substrate, 53 A robot hand, 54 A gate valve, 
61 A laser oscillator, 62 Homogenizer. 
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